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The possibility of a relationship between a
recently recognized clinical syndrome, arginino-
succinic aciduria, and the occurrence of fragile
hair was first suggested by the findings of Allan,
Cusworth, Dent and Wilson. In 1958 these
authors reported a congenital form of mental
retardation occurring in two siblings both of
whom demonstrated high concentrations of an
unidentified amino acid in the plasma and
cerebrospinal fluid (1). An incidental observation
was that both children had abnormal hair.
In 1960, Westall isolated the unknown metabo-
lite from the urine of these patients and showed
it to be argininosuccinic acid (2). This amino acid
(abbreviated henceforth as ASA) is an inter-
mediate in the Krebs-Henseleit cycle of urea
synthesis. It is cleaved by argininosuccinase to
yield arginine and fumaric acid. Argininosucci-
nase is widely distributed in nature, being present
in kidney, liver and brain; it is believed that
congenital absence of the enzyme is responsible
for the syndrome. A third case, a male infant,
was reported by Levin, Mackay and Oberholzer
in 1961 (3). A specimen of hair was examined by
Dr. A. Jarrett who reported, "The hair shows
breaks of the trichorrhexis nodosa type. . . The
colour fluorescence of the breaks with acridirie
orange is red and this indicates a metabolic ab-
normality of the hair keratin" (3).
Abnormally brittle hair occurs not uncom-
monly in dermatological practice, but is rarely
accompanied by mental retardation. Neverthe-
less, there seemed to be a possibility that a pre-
sumably mild form of abnormal amino acid
metabolism might be responsible for the condi-
tion, and a number of investigators presented
evidence that such was the case. In 1964 Grosfeld,
Mighorst, and Moothuysen studied two children
with monilethrix (4). The mentality of the
children was apparently normal. Using the
method described by Westall for precipitating
ASA, these workers found a ninhydrin-positive
spot corresponding to ASA on paper chromato.
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grams (butanol/water/glacial acetic acid/phenol
40:10:10:1 g).
Shelley and Rawnsley in 1965 pursued the
matter with a study of 5 otherwise normal sub-
jects with thinning scalp hair (5). One patient
showed the typical feature of trichorrhexis
nodosa, absence of ASA cleavage enzyme in red
cells, and the unexpected presence of ASA in a
hydrolysate of hair. All patients were reported
to excrete "significant amounts of ASA" in the
urine. The term "aminogenic alopecia" was
coined to describe the presumed etiologic rela-
tionship.
However, there has not been unanimity of
opinion on the subject. J. S. Comaish examined
5 patients with monilethrix, and reported,
"None of these subjects had any. . . increased
argininosuccinic acid excretion in the urine as
compared with normal controls" (6). The brief
note did not include sufficient data to permit
one to conclude that ASA as such had been
identified in the urine of the normal controls.
Efron and Hoefnagel examined 3 brothers with
typical monilethrix (7). Using sophisticated
analytical methods, they reported that the bar-
ium precipitate presumed to contain ASA by
Grosfeld was, in fact, a mixture of normal amino
acids.
The present authors examined the urine from a
series of patients with trichorrhexis nodosa, and
found that the ASA spot was present in about
one-half of the cases, but with no greater fre-
quency than in control subjects. The present
communication summarizes these results.
METHODS
Urine samples from 24 subjects were analyzed
for argininosuccinic acid (ASA). Seven were
normal subjects, all adult men, who had been
examined previously to exclude any hair disorder.
Seventeen patients, 9 men and 8 women, were
diagnosed clinically and microscopically (individ-
ual hairs examined) as having trichorrhexis
nodosa. No attempt was made to control the diet.
A 24 hour total urine specimen was collected from
each subject and immediately frozen for storage.
At the time of analysis each specimen was sub-jected to Westall's precipitation as described by
Grosfeld (4). To a 100 ml aliquot of urine, 9 ml 30%
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barium chloride solution and then 20 ml saturated
barium hydroxide solution are added. After stir-
ring, the mixture is allowed to settle overnight in a
refrigerator and then centrifuged. The supernatant
is decanted and three times the volume of 100%
ethanol added. The mixture is shaken and again
placed in the refrigerator for 24 hours. The precip-
itate is separated, dissolved in 20 ml distilled
water, reprecipitated with three times the volume
of 100% ethanol and washed with ethanol three
times. To the final precipitate, 2 nil of warm dis-
tilled water and 1 ml I M potassium sulfate are
added. The resulting barium sulfate was precipi-
tated by centrifugation and the clear yellow super-
natant was reduced in volume in a rotating evap-
orator and then subjected to chromatography.
Chromatography was on thin layer silica gel G
plates using neutral, acid, and basic solvents as
recommended by Randerath (8). The following
solvent systems were used:
1. ethanol/water (37:63, v/v*)
2. ethanol/water (63:37, v/v)
3. n-propanol/ammonium hydroxide (67:33,
v/v)
4. n-butanol/acetic acid/water (60:20:20, v/v)
5. n -butanol / acetic acid / water -upper phase
(40:10:5, v/v)
Authentic argininosuccinic acid (barium salt) was
applied as reference to each thin layer chromato-
gram. For detection of amino acids, the plates
were removed from the chromatography tanks,
air-dried, sprayed with ninhydrin solution and
dried at 100° C for 10 minutes.
To evaluate the resolving power of these
single-phase solvent systems, 18 other amino
acids were chromatographed on silica gel G
layers, in 5 different solvent systems. The de-
velopment distance ranged between 10 to 15 cm.
The Rf values of the amino acids are recorded in
Table I.
To determine the sensitivity of detection of
amino acids on thin layer chromatograms, refer-
ence solutions of ASA and glycyl glycine were
made, 100 mg. amino acid/100 ml water. One, 2,
and 3X (equivalent to 1, 2, and 3 g) of each refer-
ence solution was chromatographed and stained
with ninhydrin.
RESULTS AND DISCUSSION
1 ig of pure ASA gave a clearly recognizable
ninhydrin-positive spot. In Table I are presented
the R1 values of ASA and of other reference
amino acids. It is evident that the use of multiple
systems provides a high degree of reliability.
Thus, although in certain systems (viz, system
1, Table I) one might confuse L-leucine, DL-
methionine, L-valine or L-alanine with ASA,
clear separation occurred in 4 other systems
(viz, systems 2, 3, 4, 5). There was not a
* parts by volume.
TABLE I
Rf values of some amino acids on thin layer
chromatograms (Silica Gel G)
Compound
Solvent System (see text)
1 2 3 4 5
Argininosuccinic acid 0.800.61 0.140.11 0.07
L-Tryptophane 0.86 0.84 0.64 0.63 0.52
Phenylalanine 0.85 0.82 0.67 0.63 0.45
L-Leucine 0.81 0.80 0.67 0.630.45
L-Isoleucine 0.77 0.80 0.66 0.61 0.40
L-Tyrosine — 0.83 0.57 0.600.44
DL-Methionine 0.80 0.80 0.66 0.530.38
L-Valine 0.80 0.73 0.600.50 0.30
L-Cystine — — 0.39 0.110.07
L-Alanine 0.80 0.65 0.42 0.340.16
-Alanine 0.74 — — — —
L-Serine 0.86 0.69 0.42 0.30 0.13
Glycine 0.77 0.61 0.30 0.25 0.13
L-Proline 0.63 — — — —
L-Glutamic Acid 0.86 0.79 0.22 0.380.21
DL-Aspartic Acid 0.84 0.79 0.140.310.15
L-Histidine 0.59 — — — —
L-Lysine 0.17 — — — —
L-Arginine 0.22 — — — —
single amino acid in this series which had the
same chromatographic properties as ASA in all
five systems. Although this study was not ex-
haustive, it is extremely unlikely that any of
the common amino acids could be confused
with ASA. There appears good reason to believe
that the ninhydrin-positive spot, when observed,
from urine which corresponded to ASA was,
in fact, ASA.
A ninhydrin-positive spot corresponding to
ASA was found in 8 of the 17 such patients.
However, 5 of the 7 controls demonstrated the
same spot. Also present were two or more other
ninhydrin-positive substances which were not
identified.
One of the controls who demonstrated a par-
ticularly definite ASA band was studied in
somewhat greater detail. The barium salt, the
potassium salt and the acid cycization product of
ASA isolated from the urine were prepared; all
showed precise agreement with the corresponding
authentic ASA derivatives in 5 chromatographic
systems.
Analysis of the results by sex indicated no
difference: of the 8 patients who demonstrated
a positive ASA spot, 4 were men and 4 women.
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There was no obvious correlation with any other
recorded variable.
The results of this study would clearly indicate
that the presence of small quantities of ASA in
the urine is not per se evidence of abnormality.
In this connection it must be remembered that
the original patients with argininosuccinic aci-
duria reported by Allan and co-workers and Levin
and collaborators showed a severe metabolic
disorder with profound physical and mental
aberrations. The concentration of ASA in the
urine was so high (some 3,000,000 ig per 24
hours) that it could be demonstrated by chro-
matographing a single drop. Although no effort
was made to obtain strictly quantitative data
in the present study, the application of the
concentrating method of Westall and the sensi-
tive thin layer chromatographic technic per-
mitted the detection of extremely small quantities
of the amino acid. The significant observation
from our work is that the presence of the com-
pound in the quantities found here bears no
consistent relationship to the occurrence of
trichorrhexis nodosa, but is more likely to be a
random phenomenon perhaps dependent on the
diet or other variables. It will be recalled that
ASA is present in readily demonstrable amounts
in legumes and very likely present in small
amounts in those meats (liver, kidney, pancreas)
which possess the enzyme argininosuccinase, as
well as in yeast (9). Following ingestion (in the
diet), the amino acid would be expected to
appear as an excretion product in the urine, at
least in amounts detectable by microtechnics.
No doubt, Grosfeld and his collaborators (4)
and Shelley and Rawnsley (5) were indeed de-
tecting ASA from time to time, either as such
or admixed with other amino acids. However,
the quantity of ASA actually present apparently
received too little attention, since it was assumed
that any ASA at all would represent an abnor-
mality. The studies reported here suggest that
such is not the case.
The findings do not negate the possible bio-
chemical relationship between amino acid me-
tabolism and defective formation of hair. Hair is
the end product of a process of protein synthesis,
incorporating at least 8 amino acids (10). Lack
of any one of the essential amino acids or a
relative imbalance in their ratios interferes with
proper protein synthesis. The presence of large
quantities of an unusual form might be expected
to be reflected in abnormal hair growth as is the
case in argininosuccinie aciduria. However, to
theorize that a variety of types of incompetent
hair synthesis is necessarily related to abnormal
argininosuccinic acid metabolism is quite an-
other matter. A search for other (perhaps occult)
errors of amino acid metabolism, or for specific
imbalances in dietary amino acid intake or
absorption may eventually provide answers for
certain hair growth abnormalities which at the
moment are considered to be of unknown etiol-
ogy.
SUMMARY
Urine samples from a series of patients with
trichorrhexis nodosa were analyzed for arginino-
succinic acid. The result showed that small
amounts of the amino acid were excreted by
about one-half of the patients, but with no greater
frequency than by control subjects. This study
would indicate that the presence of small quanti-
ties of ASA in the urine bears no necessary re-
lationship to the occurrence of clinical tn-
chorrhexis nodosa.
ADDENDUM
To test the hypothesis that urinary ASA might
arise from dietary sources as suggested above,
the following experiments were done: A urine
specimen was obtained from a normal male
subject (G.L.F.) after a 13 hour fast; the subject
was then given a bowl of split-pea soup. The
bladder was emptied at approximately one and
again at two hours after the test meal. On a
different day, the experiment was repeated with
a test meal containing a generous portion of
fresh green peas. The urine was processed by the
method described above for the isolation of ASA.
Visual estimation revealed a fourfold increase
in the urinary ASA content one hour after the
ingestion of split-pea soup and an approximate
twofold increase following the meal containing
fresh peas.
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